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SUMMARY OF THE CLAIMED SUBJECT 
MATTER OF THE INDEPENDENT CLAIMS 



The limitations in each independent claim are separately listed in the following 
claim chart. The limitations are identified by reference numerals in the drawings. The 
location in the specification where each limitation is described has been identified by paragraph 
number, by line number, or by both. 

Claim 1 defines the species shown in Figure 2, claim 2 defines the species 
shown in Figure 3, and claim 11 is generic to both species. 



CLAIM 1 (See Figure 2) 



Limitations in Claim 



A hybrid-electric wheeled vehicle 
powertrain comprising an internal 
combustion engine (54 in Fig. 2), an 
electric motor (24 in Fig. 2), an electric 
generator (40 in Fig. 2) and a battery (18 in 
Fig. 1); 



the electric motor (24 in Fig. 2), the 
electric generator (40 in Fig. 2) and the 
battery (18 in Fig. 1) being electrically 
connected (Figs. 1 and la) to form an 
electrical power source; 



Reference to Specification 

Paragraphs [0010], [0034], [0035] 
and [0036] describe the structural 
relationship of the powertrain elements. A 
decoupling of the ring gear from the 
countershaft gearing is described in 
paragraph [0034], beginning at line 3. The 
function of the brake 60, when the engine 
drives the generator to charge the battery 
when the motor is operating in reverse, is 
described in paragraph [0034] beginning at 
line 5. The function of the brake 60, when 
the generator is used as a starter motor to 
start the engine, is described in paragraph 
[0035], lines 1-3. 

The motor, the generator and the 
battery are coupled, as indicated by the 
high voltage bus shown in Figure 1 . This 
provides an electrical power source in 
addition to the mechanical power source of 
the engine. See paragraphs [0021] and 
[0022]. 
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a geared transmission (46) defining 
power flow paths to vehicle traction wheels 
(14 in Fig. 1), the geared transmission 
having a first element (52 in Fig. 2) 
connected drivably to the engine and a 
second element (48 in Fig. 2) connected 
drivably to the motor (74); 



a rotor (44 in Fig. 2) for the 
generator (40) being connected to a third 
element (50) of the geared transmission; 
and 

a reaction brake (60 in Fig. 2) for 
anchoring the second element (48) of the 
geared transmission as the engine (54) 
drives the electric generator during 
operation of the powertrain in a reverse 
driving power delivery mode, the electric 
motor (74) being drivably connected 
through the geared transmission to the 
vehicle wheels; 

the driving connection of the second 
element (48) of the geared transmission to 
the motor (74) comprising a clutch (62 in 
Fig. 2) between the second element of the 
geared transmission and a torque output 
element of the powertrain (70,72) whereby 
the motor (74), with the clutch (62) 
disengaged, is isolated from the second 
element during reverse drive; 

the reaction brake for anchoring the 
second element (48) of the geared 
transmission being released and the clutch 
(62) being engaged during operation of the 
powertrain in a split-power delivery mode 
in a forward driving direction. 



The power flow paths defined by 
the geared transmission are described with 
reference to Figure la in paragraph [0028] . 
Figure la is a concept diagram of the 
power flow paths for the transmission 
structure of Figure 1, which have a 
counterpart in the embodiments of Figures 
2 and 3. The counterpart elements are 
described in paragraph [0029] beginning at 
line 3. 

The rotor 44, shown in Figure 2, is 
described in paragraph [0029] beginning at 
line 3 and in paragraph [0030]. 

The reaction brake 60 in Figure 2 is 
described in paragraph [0029] beginning at 
the last sentence of that paragraph. The 
electric motor 74 is connected drivably to 
the traction wheels, as indicated at 
paragraph [0031] beginning at line 3. 



The clutch 62, which connects the 
ring gear 48 to the power output gear 64, is 
described in paragraph [0031], lines 1-3 
and in paragraph [0034], beginning at line 
3. With the clutch 62 disengaged, the 
motor 74 is isolated from ring gear 48 
when the motor 74 is driven in a reverse 
direction during reverse drive of the 
vehicle. 

The second element of the planetary 
gear unit 46, shown at 48, is anchored by 
the brake 60. If the brake 60 is released, 
the planetary gear unit 46 functions in the 
same fashion as the planetary gearing 20 of 
the embodiment of Figure 1 . The motor 
and the generator are electrically coupled to 
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CLAIM 2 



Limitations in Claim 

A hybrid-electric wheeled vehicle 
powertrain comprising an internal 
combustion engine (54' in Fig. 3), an 
electric motor (74' in Fig. 3), an electric 
generator (40', 44 in Fig. 3) and a battery 
(18 in Fig. 1); 

the electric motor (74'), the electric 
generator (40') and the battery (18) being 
electrically connected to form an electrical 
power source; 

a geared transmission (48', 50', 
52') defining power flow paths to vehicle 
traction wheels, the geared transmission 
having a first element (52') connected 
drivably to the engine and a second element 
(48') connected drivably to the vehicle 
traction wheels (14 in Fig. 1); 

a rotor (44') for the generator being 
connected to a third element (50') of the 
geared transmission; and 



the battery as a parallel torque delivery path 
to the wheels is established. This is 
described in paragraph [0031]. 

Figure 3) 

Reference to Specification 

The engine, the motor, the 
generator and the battery are described in 
paragraph [0010]. 



The electrical power source 
comprising the motor, the generator, and 
the battery is described in paragraphs 
[0010], [0020] and [0021], as well as 
elsewhere in the specification. 

The geared transmission of Figure 
3 is described in paragraph [0037], which 
refers to counterpart elements of the design 
of Figure 2. 



The rotor 44', shown in Figure 3, is 
described in paragraph [003 1] , which refers 
to the counterpart elements of the design of 
Figure 2. 
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a first clutch (88) selectively 
connecting two elements (48' and 50') of 
the geared transmission thereby establishing 
a direct drive between the engine (54') and 
the electric generator (40', 44') as the 
engine drives the electric generator during 
operation of the powertrain in a reverse 
driving direction, the electric motor (74') 
being drivably coupled through the geared 
transmission to the vehicle wheels (14); 



The clutch 88 is described in 
paragraphs [0037] and [0038]. The other 
elements included in this limitation have 
counterpart elements in the design of 
Figure 2, as indicated in paragraph [0037]. 



the driving connection of the second 
element (48') of the geared transmission to 
the vehicle traction wheels (14) comprising 
a second clutch (90) between the electric 
motor (74') and the gear elements of the 
geared transmission, the second clutch 
being disengaged and the first clutch being 
engaged during reverse drive operation 
whereby the engine drives the generator 
(40 7 , 44') to charge the battery through a 
torque flow path that is isolated from a 
reverse drive motor torque flow path. 



The clutch 90 is disengaged during 
reverse drive and the first clutch 88 is 
engaged during reverse drive. This permits 
the engine 54' to drive the generator to 
charge the battery. The torque flow path 
from the motor 74 7 to the wheels is isolated 
by the clutch 90, which is disengaged, 
whereby the engine can drive the generator 
to charge the battery. 



CLAIM 11 (See Figures 2 and 3) 



Limitations in Claim 

A hybrid-electric wheeled vehicle 
powertrain comprising an internal 
combustion engine (54, 54'), an electric 
motor (74, 74'), an electric generator (40, 
40', 42') and a battery (18 in Fig. 1); 



the electric motor, the electric 
generator and the battery being electrically 
connected to form an electrical power 
source; 



Reference to Specification 

The hybrid electric vehicle 
powertrain is comprised of the elements 
that are common to the embodiment of 
Figure 2 and the embodiment of Figure 3, 
including the motor described in paragraphs 
[0031] and [0033], as well as elsewhere in 
the specification. 

The motor, the generator and the 
battery are electrically connected, as 
described in paragraph [0031] in the last 
sentence of that paragraph. 
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a geared transmission (46, 48', 50', 
52') defining power flow paths to vehicle 
traction wheels (14 in Fig. 1), the geared 
transmission having a first gear element 
(50, 50') connected to the engine and a 
second gear element (48, 48') connected 
drivably to the motor (74, 74'); 



The geared transmission comprises 
elements that are described in paragraph 
[0029], as well as elsewhere in this 
specification. 



a rotor (44, 44') for the generator 
being connected to a third element (50, 50') 
of the geared transmission; 



means for establishing a driving 
connection between the engine (54, 54') 
and the generator through the gear elements 
(48,48'; 50,50'; 52,52') during operation 
of the powertrain in a reverse driving 
power delivery mode, the electric motor 
(74, 74') being drivably connected to the 
vehicle traction wheels (14); and 

means for isolating a torque flow 
path between the motor and the vehicle 
traction wheels from a torque flow path 
between the engine and the generator. 



The rotor 44, 44' is connected to 
the third element, (the sun gear of the 
planetary gear unit), which are described in 
paragraph [0029] as well as elsewhere in 
the specification. 

The means for establishing a driving 
connection between the engine and the 
generator through the gear elements during 
operation in reverse driving power delivery 
mode includes the clutch 62 of the Figure 2 
embodiment and the clutch 88 of the Figure 
3 embodiment. 



The means for isolating the torque 
flow path between the motor and the 
vehicle traction wheels includes the clutch 
62 of the Figure 2 embodiment and the 
clutch 90 of the Figure 3 embodiment. 



SUMMARY OF THE CLAIMED SUBJECT 
MATTER OF DEPENDENT CLAIMS 



The limitations in each dependent claim are separately listed in the following 
claim chart. The limitations are identified by reference numerals in the drawings. The 
location in the specification where each limitation is described has been identified by 
paragraph, by line number, or both. 

Claims 4, 6, 7, and 9 define the species shown in Figure 2. Claims 3,5,8, and 
10 define the species shown in Figure 3. 
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CLAIM 3 (See Figure 3) 
Limitations in Claim Reference to Specification 



The hybrid-electric wheeled vehicle 
powertrain set forth in claim 2 wherein the 
first clutch (88) connects the first and 
second gear elements (52' and 48') of the 
geared transmission to achieve a direct 
drive in a torque delivery path between the 
engine (54') and the generator (40') as the 
engine (54') drives the generator to charge 
the battery (18 in Figure 1). 



The clutches 88 and 90 are 
described in paragraph [0037] and 
paragraph [0038], lines 1-5. 



CLAIM 4 (See Figure 2) 



Limitations in Claim 

The hybrid-electric wheeled vehicle 
powertrain set forth in claim 1 wherein the 
geared transmission has a planetary gear set 
(46) including a sun gear (50) connected to 
the generator (40), a ring gear (48), and a 
carrier (52) connected to the engine (54); 

the clutches (62), when engaged, 
completing a geared torque flow path 
between the engine (54) and the vehicle 
traction wheels (14 in Figure 1) during 
forward drive operation; 

the reaction brake (60) anchoring 
the ring gear (48) when the generator (40) 
is driven by the engine (54). 



Reference to Specification 

The planetary gear set is described 
in paragraphs [0029], [0030], and [0031], 
lines 1-3. 



The clutch (62) is described in 
paragraphs [0031] and [0034]. 



CLAIM 5 (See Figure 3) 



Limitations in Claim 

The hybrid-electric wheeled vehicle 
powertrain set forth in claim 2 wherein the 
geared transmission has a planetary gear set 



including a ring gear (48'), a sun gear (50') 
connected to the generator (40') and a 
carrier (52') connected to the engine (54'); 
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the second clutch (90) completing a Reference to Specification 

torque flow path between the ring gear 

(48*) and the vehicle traction wheels (14 in The planetary gear set is described 

Figure 1) during forward drive operation. in paragraphs [0037] and [0038]. 



CLAIM 6 

Limitation in Claim 

The hybrid-electric wheeled vehicle 
powertrain set forth in claim 1 wherein the 
reaction brake (60) acts on the second 
element (48) of the geared transmission to 
effect engine starting torque delivery from 
the generator (40) to the engine (50) as the 
generator (40) functions as an engine starter 
torque source. 



Forward drive operation is 
described in paragraph [0038], lines 1-5, 
and [0039], lines 1-4. 

Figure 2) 

Reference to Specification 

This engine starter motor function is 
described in paragraph [0035] and in 
paragraph [0012]. 



CLAIM 7 (See Figure 2) 



Limitations in Claim 

The hybrid-electric wheeled vehicle 
powertrain set forth in claim 4 wherein the 
reaction brake (60) acts on the second 
element (48) of the geared transmission to 
effect engine starting torque delivery from 
the generator (40) to the engine (54) as the 
generator (40) functions as an engine starter 
torque source. 



Reference to Specification 

The engine starter motor function is 
described in paragraph [0035] and in 
paragraph [0012]. 
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CLAIM 8 (See Figure 3) 



Limitations in Claim 

The hybrid-electric wheeled vehicle 
powertrain set forth in claim 5 wherein the 
first clutch (88) connects the carrier (52') 
and the ring gear (48') of the geared 
transmission to achieve a direct drive in a 
torque delivery path between the engine 
(54 r ) and the generator (40') as the engine 
(54') drives the generator (40*) to charge 
the battery (19 in Figure 1). 



Reference to Specification 

The direct drive in the torque 
delivery path is described in paragraph 
[0038], lines 1-5. 



CLAIM 9 (See Figure 2) 



Limitations in Claim 

The hybrid-electric wheeled vehicle 
powertrain set forth in claim 1 wherein the 
geared transmission includes countershaft 
gears (64, 66, 68, 76) in a power flow path 
between the motor (74) and the torque 
output element (70,72) powertrain and 
between the second element (48) of the 
geared transmission and the motor (74). 



Reference to Specification 

The countershaft gears are described 
in paragraph [0031]. 



CLAIM 10 (See Figure 3) 
Limitations in Claim Reference to Specification 



The hybrid-electric wheeled vehicle 
powertrain set forth in claim 2 wherein the 
geared transmission includes countershaft 
gears (64', 66', 68', 76') in a power flow 
path between the motor (74') and the 
traction wheels (14 in Figure 1) and 
between the second element (48') of the 
geared transmission and the motor (74'). 



The countershaft gears are described 
in paragraphs [0037] and [0031]. 
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ADDITIONAL COMMENTS 

The design of Figure 2 functions in a manner similar to the function of the 
powertrain in Figure 1 when clutch 62 is engaged. Engine power is delivered to the carrier 
52 and sun gear 50 is connected directly to the generator. This establishes a power split, 
parallel operating mode as described in paragraph [0031]. This is similar to the operation of 
the powertrain illustrated in Figure 1. Similarly, when the clutch 90 of the embodiment of 
Figure 3 is engaged and the clutch 88 is disengaged, engine power is delivered to the carrier 
52' . A split power delivery thus occurs since the generator is connected at this time to the sun 
gear 50'. Power then is delivered through the countershaft gearing from both the motor and 
the engine during forward drive. 

In the design of Figure 1, it is necessary, if the battery state of charge is low and 
the engine is used to charge the battery, for the motor to generate enough power to overcome 
the ring gear torque while the vehicle moves in reverse. This condition is not present, 
however, in the designs of Figures 2 and 3. In the case of the design of Figure 2, the clutch 
62 is open during reverse drive, which isolates the motor power flow path from the engine 
power flow path. In the case of the design of Figure 3, this isolation occurs by opening clutch 
90. It is not necessary in either the design of Figure 2 or the design of Figure 3 for the motor 
to generate enough power to overcome ring gear torque while moving the vehicle in reverse 
under these conditions. 

In the case of the design of Figure 2, the brake 60 anchors the ring gear 48 to 
provide a reaction point as the engine drives the generator to charge the battery while the 
motor is operating in reverse. The generator then can supply electric power to the motor and 
any excess power generated by the generator can be stored in the battery. 

If the generator is used as a starter motor to start the engine, the brake 60 can 
be applied without affecting the power flow from the motor to the traction wheels. At this 
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time, the clutch 62 is released. In the case of the design of Figure 3, the engine can be started 
using the generator as a starter motor as the clutch 88 is applied and the clutch 90 is released. 
This is done without affecting reverse drive performance since the reverse power flow path is 
isolated from the engine power flow path at this time. 

There is no need for the electric motor to supply reaction torque to the ring gear 
when the generator acts as a starter motor for the engine. 



Clearly, the functions described in the foregoing paragraphs and the structure 



needed to execute those functions are not disclosed in the references, especially since the 
designs of the references include only a single electric machine. Applicants' claims define that 
structure. Applicants' invention, in contrast to the reference designs, includes two electric 
machines. Any attempt to apply the teachings of the references to the invention as defined by 
Applicants' claims would require a double inclusion of elements. The motor/generator 14 of 
the '670 reference and the motor/generator 5 of the '155 reference cannot perform the 
functions of the separate motor and separate generator of Applicants' invention. 
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